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© An interstage casing made of sheet metal in- 
cludes a cylindrical receptacle- 1 ike body having a 
bottom wall (24) on an end thereof and an open end 
opposite to the end. The open end has an axial end 
surface (22) and a radially inner surface (23) which 
serve as a member of a spigot joint to be joined to a 
next interstage casing. The cylindrical receptacle-like 
body also includes a cylindrical side wall (21), a 
cylindrical portion (25) joined between the bottom 
wall (24) and the cylindrical side wall (21) and having 
an outside diameter slightly smaller than an inside 
diameter of the open end, and a flat portion (27) 
joined to the recessed portion (26) and serving as an 
end surface of the bottom wall (24). The flat portion 
(27) is adapted to be engageable with the end sur- 
face of the open end of an adjacent interstage cas- 
ing. The flat portion (27) has an outside diameter 



slightly larger than an outside diameter of the open 
end. The interstage casing further includes a re- 
cessed portion (26) joined to the cylindrical portion 
(25) and smaller in diameter than the cylindrical 
portion. The recessed portion provides a space for 
installing an O ring (31) therein. 
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BACKGROUND OF THE INVENTION 

The present invention relates to an interstage 
casing for a pump made of sheet metal and a 
method of manufacturing the same, and more par- 
ticularly to an interstage casing for a pump made 
of sheet metal and pressed to shape for use in a 
multistage centrifugal pump and to a method of 
manufacturing the above interstage casing. 

Conventionally, there is known an interstage 
casing for a pump made of sheet metal in which a 
casing is formed of sheet metal such as a stainless 
steel and manufactured by press work. This type of 
interstage casing is shown in FIG. 6 of the accom- 
panying drawings. As shown in FIG. 6, the inter- 
stage casing is of a cylindrical receptacle- 1 ike 
structure comprising a cylindrical side wall 1 and a 
bottom wall 2 on an end thereof (on lefthand side) 
which is connected to a preceding interstage cas- 
ing. The opposite axial end surfaces, denoted at 
3a, 4a, respectively, of the cylindrical receptacle- 
like structure are formed by machining a bottom 
end 3 and an open end 4 perpendicularly to the 
axis of the interstage casing. The bottom end 3 has 
a radially outer surface 3b, and the open end 4 has 
a radially inner surface 4b. The radially outer and 
inner surfaces 3b, 4b of adjacent interstage casings 
are machined so that they fit one over the other, 
providing a spigot joint. The desired dimensional 
accuracy of the axial ends 3a. 4a and the spigot 
joint surfaces 3b, 4b is maintained by the machin- 
ing process described above. 

The interstage casing houses a guide vane 6 
surrounding an impeller 5. The interstage casing 
has a return passage 8 defined laterally of the 
guide vane 6 and between the guide vane 6 and a 
guide vane side wall 7 that is welded to the cylin- 
drical receptacle-like structure of a next adjacent 
interstage casing. The interstage casing also ac- 
commodates a shaft 9 on which the impeller 5 is 
mounted. A liner ring 10 is attached to the bottom 
wall 2 and positioned between the inner circum- 
ferential surface thereof and the impeller 5. 

FIG. 7 of the accompanying drawings shows in 
fragmentary cross section a vertical-shaft multi- 
stage centrifugal pump comprising interstage cas- 
ings each of the structure shown in FIG. 6. The 
interstage casings, each denoted at 1a in FIG, 7, 
are assembled within an outer casing 1 1 having a 
suction port 12 and a discharge port 13. The shaft 
9 is rotatably supported in the outer casing 11 
through a shaft seal device 14. 

When the multistage centrifugal pump is in 
operation, the liquid to be pumped is drawn from 
the suction port 1 2 and pressurized by the succes- 
sive impellers 5 in the interstage casings 1a. The 
pressure head of the liquid is restored as the liquid 
passes through each of the guide vanes 6 and the 



return passages 8. Finally, the liquid is discharged 
out of the pump through the discharge port 13. 

The interstage casing of pressed sheet metal 
shown in FIG. 6 maintains a desired degree of 

5 dimensional accuracy for diameters and heights 
through the machining of the four regions, i.e.. the 
radially outer surface 3b and the axial end surface 
3a of the male member of a spigot joint on the 
bottom end 3, and the radially inner surface 4b and 

io the axial end surface 4a of the female member of a 
spigot joint on the open end 4. The dimensional 
accuracy of these machined structures is consider- 
ably lower than that of casted structures because 
the wall thickness of the interstage casing structure 

75 is small. When the machined casing structure is 
removed from a machine tool, the cylindrical shape 
thereof tends to be deformed into an elliptical 
shape with a dimensional error ranging from 0.3 to 
0.5 mm. Since the machined regions are reduced 

20 in thickness, it is necessary that the interstage 
casing blank be thick enough to provide desired 
mechanical strength. 

Sealing between the interstage casings is 
achieved by liquid gaskets that are of relatively low 

25 reliability since no installation space is available 
between the interstage casings for O-rings that are 
widely used in pump casings made by casting. 
Consequently, the interstage casings with liquid 
gaskets are not suitable for use in applications that 

30 require the development of very high pressures or 
environments that should be kept from the leakage 
of the liquid from the pump. 

SUMMARY OF THE INVENTION 

35 

It is therefore an object of the present invention 
to provide an interstage casing for a purnp, made 
of sheet metal pressed to shape, which is free from 
machining processes that would otherwise be nec- 

40 essary to produce highly accurate regions, and 
hence from mechanical failures and dimensional 
errors that would otherwise possibly result from 
such machining processes, and which allows gen- 
eral O rings to be used as seals between the 

45 stages of the pump. 

Another object of the present invention is to 
provide a method of manufacturing an interstage 
casing for a pump which can reduce the total 
number of steps to manufacture the interstage cas- 

50 ing. 

To achieve the above object, there is provided 
in accordance with one aspect of the present in- 
vention an interstage casing for a pump made of 
sheet metal, comprising: a cylindrical side wall 
55 having an open end on an end thereof, the open 
end having an axial end surface and a radially inner 
surface serving as a female member of a spigot 
joint; a bottom wall substantially perpendicular to 
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the cylindrical side wall; a cylindrical portion pro- 
vided between the bottom wall and the cylindrical 
side wall and having an outside diameter slightly 
smaller than an inside diameter of the open end of 
the cylindrical side wall; and a flat portion provided 
between the cylindrical portion and the cylindrical 
side wall so as to be engageable with the end 
surface of the open end of an adjacent interstage 
casing, the flat portion having an outside diameter 
slightly larger than an outside diameter of the open 
end. 

According to another aspect of the present 
invention, there is provided a method of manufac- 
turing an interstage casing for a pump made of 
sheet metal, comprising the steps of: forming a first 
pressed blank in the form of a cylindrical recepta- 
cle having a bottom wall, a first cylindrical portion 
joined to the bottom wall, and a second cylindrical 
portion having an outside diameter slightly larger 
than the outside diameter of the first cylindrical 
portion; and axially pressing the first pressed blank 
finally into an interstage casing while confining an 
end surface of an open end of the second cylin- 
drical portion and radially inner and outer surfaces 
of the second cylindrical portion which extend from 
the end surface to a region near the first cylindrical 
portion and also confining a radially inner surface 
of the first cylindrical portion. 

The cylindrical portion is integrally joined to the 
bottom wall and disposed between the bottom wall 
and the cylindrical side wall, the cylindrical portion 
having a radially outer surface serving as the male 
member of a spigot joint. The cylindrical side wall 
has the radially inner surface serving as the female 
member of a spigot joint. The flat portion is integ- 
rally joined to the cylindrical portion through the 
recessed portion. When the radially inner surface is 
fitted over the radially outer surface of the cylin- 
drical portion, the end surface of the open end of 
the adjacent interstage casing is held against the 
flat portion. The radially inner surface of the open 
end, the radially outer surface of the cylindrical 
portion, the flat portion, and the end surface of the 
open end are accurately pressed by a die assem- 
bly depending on the accuracy of the die assem- 
bly. The interstage casing is not subject to errors 
which would otherwise occur due to a machining 
process. 

The interstage casing further comprises a re- 
cessed portion provided between the cylindrical 
portion and the cylindrical side wall, the recessed 
portion being smaller in diameter than the cylin- 
drical portion. An O ring can be mounted on the 
recessed potion, therefore, the interstage casing 
can employ an O ring which is most generally used 
as an interstage seal in multistage pumps. Con- 
sequently, the interstage casing of pressed sheet 
metal is widely applicable to high-pressure pumps. 



The above and other objects, features, and 
advantages of the present invention will become 
apparent from the following description when taken 
in conjunction with the accompanying drawings 
5 which illustrate a preferred embodiment of the 
present invention by way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

w FIG. 1 is a fragmentary cross-sectional view of 
an upper half of an interstage casing according 
to an embodiment of the present invention; 
FIG. 2 is an enlarged fragmentary cross-sec- 
tional view showing the manner in which adja- 

75 cent interstage casings according to the present 
invention fit one over the other; 
FIG. 3 is a fragmentary cross-sectional view of 
the upper half of the interstage casing with a 
return blade attached thereto according to the 

20 present invention; 

FIG. 4 is a fragmentary cross-sectional view of 
the upper half of the interstage casing with a 
guide vane housed therein according to the 
present invention; 

25 FIGS. 5(a), 5(b), and 5(c) are enlarged cross- 

sectional view showing a process of manufactur- 
ing the interstage casing according to the 
present invention; 

FIG. 6 is a fragmentary cross-sectional view of a 
30 conventional interstage casing; and 

FIG. 7 is a longitudinal cross-sectional view of a 
multistage centrifugal pump with the conven- 
tional interstage casings. 

35 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An interstage casing for a pump made of sheet 
metal according to an embodiment of the present 
40 invention will be described with reference to FIGS. 
1 through 4. 

FIG. 1 shows in fragmentary cross section an 
upper half of an interstage casing according to an 
embodiment of the present invention. The inter- 
ns stage casing is used particularly in a multistage 
centrifugal pump. 

As shown in FIG. 1, an interstage casing is in 
the form of a deformed cylindrical receptacle-like 
body comprising a cylindrical side wall 21 having a 
so wall thickness t. The cylindrical side wall 21 has on 
an open end thereof an axial end surface 22 and a 
radially inner surface 23 as the female member of 
a spigot joint. The cylindrical receptacle-like body 
also includes a bottom wall 24 opposite to the open 
55 end. Between the cylindrical side wall 21 and the 
bottom wall 24. there are provided a cylindrical 
portion 25 joined to the bottom wall 24 and having 
an outside diameter that is substantially equal to or 
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slightly smaller than the inside diameter of the 
• open end, and a recessed portion 26 integrally 
joined to the cylindrical portion 25 and having a 
diameter smaller than that of the cylindrical portion 
. 25. The cylindrical portion 25 serves as the male 
member of a spigot joint. The recessed portion 26 
is joined to a flat portion 27 serving as a bottom 
wall end surface and integrally joined to the cylin- 
drical side wall 21 through a protruding portion 28 
that projects radially outwardly from the outer sur- 
face of the cylindrical side wall 21. The protruding 
portion 28 has an inside diameter smaller than the 
outside diameter of the open end of the cylindrical 
side wall 21. The protruding portion 28 has an 
outside diameter larger than the outside diameter 
of the open end of the cylindrical side wall 21, thus 
providing support for the axial end surface 22 of 
the cylindrical side wall of an adjacent interstage 
casing. The difference 2h between the outside di- 
ameter of the protruding portion 28 and the outside 
diameter of the cylindrical side wail 21 at the open 
end thereof is selected to be equal to or less than 
twice the wall thickness t. As described later on, 
the protruding portion 28 has an inside diameter 
smaller than the outside diameter of the open end 
of the cylindrical side wall 21 . The bottom wall 24 
has a radially inner flange 29 for supporting a liner 
ring (not shown), the radially inner flange 29 defin- 
ing a fluid passage 30 radially inwardly thereof. 

FIG. 2 fragmentarily shows the interstage cas- 
ing shown in FIG. 1 which is fitted in an adjacent 
interstage casing. The axial end surface 22 of the 
open end of the adjacent interstage casing is held 
in abutment against the flat portion 27 as the 
bottom wall end surface of the interstage casing. 
The radially inner surface 23 of the open end of the 
adjacent interstage casing is fitted over the cylin- 
drical portion 25 joined to the bottom wall 24 of the 
interstage casing, with an O ring 31 mounted on 
the recessed portion 26. The flat portion 27 ex- 
tends perpendicularly to the cylindrical side wall 
21. The axial end surface 22 has a full or substan- 
tially full surface area that engages the flat portion 
27. Incidentally, the flat portion 27 may be inclined 
with respect to the cylindrical side wall 21 at cer- 
tain angle so long as the contacting area of the flat 
portion 27 and the axial end surface 22 is secured. 

The radially inner surface 23 and the cylindrical 
portion 25, which are fitted together as a spigot 
joint, and the axial end surface 22 and the flat 
portion 27 that abut against each other are fab- 
ricated by molds with their dimensional accuracy 
achieved by the dimensional accuracy of the molds 
themselves. The interstage casing may be formed 
by bulging, which is one of the press forming 
processes. 

As shown in FIG. 2, since the inside diameter 
A of the protruding portion 28 is smaller than the 



outside diameter B of the open end of the cylin- 
drical side wall 21, when the adjacent interstage 
casings are fastened to join them to each other, 
axial forces and internal pressure are developed to 

5 produce an axial force F which is applied as a 
compressive stress, but not as a bending stress, to 
the protruding portion 28. If the outside diameter B 
were smaller than the inside diameter A, then the 
protruding portion 28 would be subject to a bend- 

10 ing stress, making it necessary to give certain 
mechanical strength to the local region to which the 
bending stress would be applied. Inasmuch as the 
inside diameter A of the protruding portion 28 
affects the flat portion 27 as the bottom wall end 

15 surface, it is necessary that the flat portion 27 
provide a sufficient flat area. The radially outward 
projection of the protruding portion 28 may not 
necessarily be required if the flat portion 27 pro- 
vides a sufficient flat area. 

20 FIG. 3 shows the upper half of the interstage 

casing shown in FIG. 1 with a return blade attached 
thereto. 

As shown in FIG. 4, a return blade 32 is 
welded to the outer surface of the bottom wall 24 

25 of the interstage casing. A side plate 33 is attached 
to a lateral end of the return blade 32 so that the 
return blade 32 is sandwiched between the side 
plate 33 and the bottom wall 24. An impeller 34 is 
mounted on a shaft 35 and housed in the inter- 

30 stage casing. A liner ring 36 is attached to the 
radially inner surface of the flange 29 in surround- 
ing relation to an inlet of the impeller 34. 

During operation of the pump, the liquid dis- 
charged out of the impeller in the preceding inter- 

35 stage casing (on the lefthand side as shown) flows 
through a passage defined by the return blade 32 
sandwiched between the bottom wall 24 and the 
side plate 33, and is introduced into the inlet of the 
impeller 34 of the next stage. After the liquid is 

40 discharged under pressure by the impeller 34, the 
liquid is directed to a next impeller through a 
passage that is defined by a return blade 32 of a 
next interstage casing (on the righthand side as 
shown). The liner ring 36 around the inlet of the 

45 impeller 34 is attached to the flange 29 of the 
bottom wall 24 for preventing the liquid from leak- 
ing out under pressure. 

FIG. 4 shows the upper half of the interstage 
casing shown in FIG. 1 with a guide vane 41 

so housed therein. 

As shown in FIG. 4, a guide vane 41 is dis- 
posed around the impeller 34. A side plate 42 is 
attached to a side (facing the preceding interstage 
casing) of the guide vane 41, defining a passage 

55 41a for restoring the pressure of the liquid to be 
pumped. A return passage 41b is defined between 
the guide vane 41 and the bottom wall 24a of the 
next interstage casing, the return passage 41b 
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communicating with the passage 41a. 

. When the pump is in operation, the guide vane 
41 collects the liquid discharged from the impeller 
34, and the liquid is sent to the next interstage 
casing through the passage 41a which restores the 
pressure of the liquid and the return passage 41b 
communicating therewith. 

A process of manufacturing the interstage cas- 
ing shown in FIG. 1 will be described below with 
reference to FIG. 5. 

A sheet metal such as a steel plate is blanked 
into a circular blank, which is pressed into a first 
pressed blank in the form of a cylindrical recepta- 
cle having a first cylindrical portion joined to a 
bottom wall and a second cylindrical portion joined 
to the first cylindrical portion and having an outside 
diameter slightly larger than the outside diameter 
of the first cylindrical portion. 

Then, the first pressed blank is pressed to a 
final shape using a die assembly M as shown in 
FIGS. 5(a) through 5(c). As shown in FIG. 5(c). the 
die assembly M comprises an upper die 51, a 
radially inner lower die 52, and a radially outer 
lower die 53. 

FIG. 5(a) shows the first pressed blank, de- 
noted at 50, placed in the die assembly M before 
being finally shaped. With the first pressed blank 
50 placed in the die assembly M, the first cylin- 
drical portion, denoted at 50a, is fitted over a 
smaller-diameter portion 52a of the radially inner 
lower die 52, and the second cylindrical portion, 
denoted at 50b, is fitted over a larger-diameter 
portion 52b of the radially inner lower die 52. At the 
same time, an intermediate step 50c by which the 
first and second cylindrical portions 50a, 50b are 
joined engages with a first step 52c of the radially 
inner lower die 52. As shown in FIG. 5(c), the 
second cylindrical portion 50b has a lower end 50d 
held in abutment against a second step 52d of the 
radially inner lower die 52. 

Then, the upper die 51 is moved downwardly 
from the position shown in FIG. 5(a) toward the 
lower dies 52, 53. The first pressed blank 50 is 
axially or vertically pressed into a shape shown in 
FIG. 5(b). In FIG. 5(b), the first cylindrical portion 
50a is formed with the cylindrical potion 25 and the 
recessed portion 26 smaller in diameter than the 
cylindrical portion 25, and the intermediate step 
50c is formed with the flat portion 27 joined to the 
recessed portion 26. At this time, the outside diam- 
eter of the cylindrical portion 25 is forcibly set to a 
predetermined dimension by an inner circumferen- 
tial surface 51a of the upper die 51. and the inside 
diameter of the recessed portion 26 is forcibly set 
to a predetermined dimension by the smaller-diam- 
eter portion 52a of the radially inner lower die 52. 
The flat portion 27 is also forcibly set to a predeter- 
mined degree of flatness by an end surface 51b of 



the upper die 51 and the first step 52c of the 
radially inner lower die 52. The second cylindrical 
portion 50b is formed with the protruding portion 28 
contiguous to the flat portion 27 and projecting 

5 radially outwardly. The outside diameter of the pro- 
truding portion 28 is forcibly set to a predetermined 
dimension by a tapered inner circumferential sur- 
face 53a of the radially outer lower die 53. 

The interstage casing according to the present 

w invention offers the following advantages: 

Since the interstage casing is not machined, it 
is not deformed or subjected to dimensional errors 
by forces that would be applied if the steel sheet 
were fastened for machining, and by stresses and 

75 heat that would be developed if the steel sheet 
were machined. The desired dimensional accuracy 
of certain regions of the interstage can be achieved 
by the dimensional accuracy of the die assembly 
used. 

20 The total number of steps required to fabricate 

the interstage casing is reduced because the ma- 
chining process, which is entirely different from the 
press forming process, is eliminated. 

Inasmuch as the regions of the conventional 

25 interstage casing which are subject to greatest 
loads are machined, the other regions tend to have 
a larger thickness so that those regions under the 
greatest loads have a necessary thickness. Accord- 
ing to the present invention, however, the inter- 

30 stage casing may be uniform in thickness, have a 
relatively small weight, and be reduced in cost. 

An O ring may be mounted on the recessed 
portion that is smaller in diameter than the cylin- 
drical portion joined to the bottom wall and serving 

35 as the male member of a spigot joint. Therefore, 
the interstage casing, which is formed of pressed 
sheet metal, can be used in environments that 
should be free from liquid leakage and in pumps 
that develop relatively high pressures. 

40 Although a certain preferred embodiment of the 

present invention have been shown and described 
in detail, it should be understood that various 
changes and modifications may be made therein 
without departing from the scope of the appended 

45 claims. 

Claims • 

1. An interstage casing for a pump made of sheet 
so metal, comprising: 

a cylindrical side wall having an open end 
on an end thereof, said open end having an 
axial end surface and a radially inner surface 
serving as a female member of a spigot joint; 
55 a bottom wall substantially perpendicular 

to said cylindrical side wall; 

a cylindrical portion provided between said 
bottom wall and said cylindrical side wall and 
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having an outside diameter, slightly smaller 
than an inside diameter of said open end of 
said cylindrical side wall: and 

a flat portion provided between said cylin- 
drical portion and said cylindrical side wall so 5 
as to be engageable with the end surface of 
the open end of an adjacent interstage casing, 
said flat portion having an outside diameter 
slightly larger than an outside diameter of said 
open end. 10 



tion and said first cylindrical portion; and 

a second interstage casing adjacent to 
said first interstage casing and including an 
open end having a radially inner surface which 
is fitted with said second cylindrical portion of 
said first interstage casing and an axial end 
surface which is engaged with said flat portion 
of said first interstage casing. 



2. The interstage casing according to claim 1, 
further comprising a recessed portion provided 
between said cylindrical portion and said cylin- 
drical side wall, said recessed portion being 75 
smaller in diameter than said cylindrical portion 

and providing a space for installing an O ring 
therein. 

3. The interstage casing according to claim 1, 20 
wherein said flat portion has an inside diameter 
smaller than an outside diameter of said cylin- 
drical side wall at said open end. 



4. The. interstage casing according to claim 1, 25 
wherein said bottom wall has a radially inner 
flange for supporting a liner ring. 

5. A method of manufacturing an interstage cas- 
ing for a pump made of sheet metal, compris- 30 
ing the steps of: 

forming a first pressed blank in the form of 
a cylindrical receptacle having a bottom wall, a 
first cylindrical portion joined to said bottom 
wall, and a second cylindrical portion having 35 
an outside diameter slightly larger than the 
outside diameter of said first cylindrical por- 
tion; and 

axially pressing said first pressed blank 
finally into an interstage casing while confining 40 
an end surface of an open end of said second 
cylindrical portion and radially inner and outer 
surfaces of said second cylindrical portion 
which extend from said end surface to a region 
near said first cylindrical portion and also con- 45 
fining a radially inner surface of said first cylin- 
drical portion. 



6. A conneccting structure of interstage casings 

made of sheet metal in a multistage pump, the so 
structure comprising: 

a first interstage casing including a first 
cylindrical portion, a second cylindrical portion 
having an outside diameter smaller than that of 
said first cylindrical portion, a recessed portion 55 
joined to said first cylindrical portion and small- 
er in diameter than said first cylindrical portion, 
and a flat portion joined to said recessed por- 
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